Stomatal aperture responses of Commelina communis L. between well watered plants and water stressed plants were investigated. To see the very rapid response to water stress, the plants were directly rooted out from the soil and exposed to the air immediately. Stomata, rooted out from the soil, were totally closed within 10 minutes without any detention time while the stomata of the plants in the soil had been kept opening. These results suggest that stomatal response to the abrupt water stress is very rapid indicating that guard cell itself or leaves could sense water status in the plants.
Introduction
The basic role of the stomata is to regulate transpiration and photosynthesis. Therefore, an understanding of the response to water stress is critical to any discussion of how plant senses the signal [1] . Abscisic acid (ABA) is a ubiquitous hormone in vascular plants. Because of its main role in moderating a plant's response to water stress, ABA has been characterized as a stress hormone. Under drought conditions, leaf-ABA concentration can increase up to 40 times, which is the most dramatic change in concentration reported for any hormone in response to an environmental signal [2] . Mac Robbie [3] has presented a plausible explanation for ABA-induced stomatal closure. It is clear that ABA plays a critical role in stomatal closing [4, 5] . What is not clear is how ABA reaches in the guard cells under water stress. Stomata appear to respond to purgation of many aspects of the soil-plant-atmosphere hydraulic continuum, but there is little agreement regarding the mechanism by which stomata sense such perturbations. During the last 30 years, evidence has accumulated to support the view that in the early stages of soil drying ABA produced in the roots and transported in the transpiration stream can function as a physiological signal in the regulation of gas exchange [6] . As water stress begins, some of the ABA carried by the xylem stream is synthesized in roots that are direct contact with the drying soil. Because this transport can occur before the low water potential of the soil causes any measurable change in water status of the leaves, ABA is believed to be a signal that helps reduce the transpiration rate in the leaves by closing stomata [6] .
Is it true that ABA transportation through xylem can function as a physiological signal in the stomatal closing under the water stress? Most of the results to support the above theory have been accumulated and conducted by the researchers who were supervised by Davies [6] [7] [8] [9] [10] .
In some plant's responses to the environmental factors are quite surprising in terms of time as it is very fast as much as an animal neuron system. There are very symbolic plants which are Mimosa (Mimosa pudica L.), Drosera rotundifolia L. and Flytrap (Dionaea muscipula) as a showing of thigmotropism and insectivorous plants. Their leaves fold immediately as like as animal neuron signal transduction reaction when they are touched by the hands or the insects. Almost all of stomatal responses about water drought have been performed throughout long-terms and to see the effect of water stress in well watered plants, it will take times. The reduction in stomatal aperture due to ABA is extremely variable and seems to be highly dependent on the method used for analysis of the response [10] . Therefore, in this experiment, to see the very rapid response to water stress, the plants were rooted out from the soil and exposed to the air immediately. Epidermis was taken from the leaf according to the minutes and stomatal apertures were measured.
Materials and Method
The experiments were carried out on the abaxial surface of leaves of Commelina communis. The plants were pot-ted in John Innes No. 2 compost supplemented with Phostrogen and watered every morning. They were grown in a glass house (minimum temperature of 20˚C during the day and 15˚C at night) under a light regime of 18 hours day and 6 hours night (natural daylight supplemented by high pressure sodium lighting: 150 μmole m
). Three or four week old fully grown Commelina communis were placed in the dark for 1 hour before the experiments in order to close the stomata. After various intervals, intact segments were transferred into liquid paraffin and epidermal strips were peeled. Strips of lamina between the major parallel veins on either side of the midrib were removed by cutting with a razor blade on a glass slide. A cut was made through the upper epidermis at one end of the lamina strips, taking care not to cut the lower epidermis. When the tissue was inverted, the "tab" of lamina formed could be lifted with forceps and pulled back for a few mm when the lower epidermis could be readily separated from the spongy mesophyll cells. The epidermis was peeled away from the mesophyll by pulling gently on the tab. A 90˚ peeling angle was used. The peeling angle of 90˚ represents a compromise between high cell mortality at obtuse angles and excessive contamination with mesophyll at acute angles [11] . Stomatal apertures of epidermal strips from the intact leaves were measured under a microscope with a calibrated ocular micrometer disc. Measurements of 20 stomata took within 2 min, and a strict timetable was employed during experiment. Each experiment was repeated at least twice and started approximately at the same time in each morning.
Results and Discussion
Light is the most important environmental factor stimulating stomatal opening. Stomata usually open when leaves are transferred from the darkness to the light [12] . Stomatal opening and closing response in intact leaves was quite fast as it was shown in Figure 1 [13] . On transfer to the light, the stomata in the intact leaf, floated in water in an enclosed Petri dish, opened to about 4.5 μm within about 10 min. After 1.5 h, when the leaves were returned to the dark, the stomata in the intact leaf started to close right away. On transfer to the dark, Stomatal aperture under the dark was decreased to 8 μm at 20 min. This was the half of when stomatal opening was maximal. Figure 2 shows how stomata close when they were exposed to abrupt water stress under the sun. Most experiments dealing with stomatal closing by water stress took the relatively long terms. When we study water stress, we use very well watered plants in the very beginning, and stop watering to give water stress. Therefore, stomatal conductance in the condition of water stress could be measurable through several days or weeks. However, in this experiment, to see the stomatal response by the level of minutes, the plants were rooted out from the soil and exposed to the air immediately. In this study stomata, rooted out from the soil, were totally closed within 10 minutes without any detention time while the stomata of the plants in the soil had been kept opening until the end of the experiments. Even in this case, stomatal closing under the water stress was much faster than stomatal closing in the dark. To the plants, severe water stress could be much more dangerous as stomata loss much water in the very short time, but during the dark, stomata are not exposed to emergency situation in terms of water status. Gowing [14] found that guard cells did not react concededly according to the concentration of ABA in the xylem and the determination of ABA concentration around guard cells was not necessarily similar to the xylem ABA concentration. Some plant reacts to the environmental factors quite quickly. It was thought that it would be interesting to see the changes of potential difference (PD) of guard cells in the intact leaves in response to light and CO 2 . Fast hyperpolarization of guard cell membrane PD reaching from −9 mV to −12 mV both for T. virginiana and C. communis in response to light, blue light and red light has been observed [15] [16] [17] . The initial responses were the fastest and the saturation point of hyperpolarization was reached within 30 sec. At the onset of CO 2 , the PD showed a dramatic hyperpolarizetion between 10 and 15 mV in T. virginiana or 42 mV in C. communis. The saturation point of hyperpolarization was reached with a lag time between 1 and 6 sec. A wave of depolarization has been reported following from the localized wounding or burning in many species [18] . These waves were observed in the apoplast of the epidermis in various species. The transmitted signal was termed "Ricca's factor" after its proposer [19] [20] [21] . Malone and Stankovic [22] suggested the arrival of the wave alter leaf water potential and thereby induces stomatal activities. The key points of "Ricca's factor" represent that leaves and stem have a potential to sense the wounding or burning stress. Stomata normally adjust to water stress by closing in response to declining leaf water potential [23] . Hsiao' view suggests a possibility showing that stomata respond directly to the leaf water status. Tardieu and Davies [9] have got the contradictory results as xylem ABA concentrations are relatively constant throughout the day. This result could represent that ABA did not act as a signal arriving in the transpiration stream. Burkely [24] suggested that stomatal guard cells responded to leaf water potential indicating that the leaf itself could sense the different water status. The most easily observed stomatal response to perturbation of leaf water balance is the response to humidity [24] . When the humidity around a leaf is reduced, stomatal conductance (g s ) typically increases for 5 -15 min. and then declines for another 20 -75 min., ultimately approaching a steady state of g s that is lower than the initial value [25] [26] [27] [28] [29] [30] .
Much of the ABA in the transpiration stream is taken up and metabolized by the mesophyll cell. During the early stages of water stress, however, the pH of the xylem sap becomes more alkaline, increasing from about pH 6.3 to about pH 7.2 [31] . They suggested that during water stress, the slight alkaline xylem sap favors the dissociation of ABAH to ABA − . Therefore, ABA − does not easily pass through membranes, under condition of water stress, more ABA − reaches guard cells. This anion trap concept seems to be weak as guard cell also has membrane and mesophyll is relatively close to xylem, but guard cells are located at the end of lower epidermis.
For a better understanding of the regulatory role of ABA as an adaptive signal during drought stress, information about the dynamics of generation and distribution of physiologically active ABA pools is necessary. Generation of active pools of ABA revealed by in vivo imaging of water-stressed Arabidopsis [32] . They found that water stress applied to the root system resulted in the generation of ABA pools in the shoot but not in the root. Hence, water stress recognized by the root system predominantly results in shoot-localized ABA action that culminates in a focused response in guard cells. ABA is transported by both the xylem and the phloem, but it is normally abundant in phloem sap [33] .
In Arabidopsis, numerous genes that respond to dehydration stress have been identified and categorized as responses to dehydration and early response to dehydration genes. There are at least four independent regulatory systems for gene expression in response to water stress. Two of them are ABA-dependent, other are ABA-independent [34] . Both ABA-dependent and independent osmotic stress signaling first modify constitutively expressed transcription factors, leading to expression of early response transcriptional activators, which then activates downstream stress tolerance effector genes [35] . Therefore, it could be suggested that there are many possible adapt pathways how plant react to the water stress.
Acknowledgements
This work was supported by the research grant of Chungbuk National University in 2012.
